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Since  the  mid-1980s,  clinical  inspections  of aquaculture  sites  carried  out  on a regular  basis  by  authorized
veterinarians  and  ﬁsh  health  biologists  (known  as  ﬁsh  health  services:  FHS)  have  been  an essential  part
of aquatic  animal  health  surveillance  in Norway.  The  aims  of the  present  study  were  (1)  to  evaluate  the
performance  of FHS  routine  clinical  inspections  for the  detection  of VHS  and (2) to explore  the effec-
tiveness  of risk-based  prioritisation  of  FHS  inspections  for demonstrating  freedom  from  VHS  in  marine
salmonid  sites  in  Norway.  A stochastic  simulation  model  was developed  to estimate  site sensitivity  (SeS),
population  sensitivity  (SeP),  and  probability  of  freedom  (PFree).  The  estimation  of SeS takes  into  consid-
eration  the  probability  that  FHS  submit  samples  if a  site  is  infected,  the  probability  that a  sample  is  tested
if  submitted,  the  effective  probability  of infection  in  ﬁsh  with  clinical  signs,  laboratory  test  sensitivity,
and  the  number  of  tested  samples.  SeP  and  PFree  were  estimated  on  a monthly  basis  over  a  12 month
period  for six alternative  surveillance  scenarios  and  included  the  risk  factors:  region,  species,  area  pro-
duction  density,  and  biosecurity  level.  Model  results  indicate  that the  current  surveillance  system,  based
on routine  inspections  by the  FHS  has a  high  capability  for detecting  VHS  and  that  there  is  a  high  prob-
ability of  freedom  from  VHS  in Norwegian  marine  farmed  salmonids  (PFree  >95%).  Sensitivity  analysis
identiﬁed  the  probabilities  that  samples  are  submitted  and  submitted  samples  are  tested,  as  the most
inﬂuential  input  variables.  The  model  provides  a supporting  tool  for  evaluation  of  potential  changes  in
the  surveillance  strategy,  and  can be  viewed  as a  platform  for similar  exotic  viral  infectious  diseases  in
marine salmonid  farming  in Norway,  if they  share  similar  risk  factors.
© 2015  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND. Introduction
Surveillance for freedom from disease is an important prerequi-
ite for disease control programmes and safe international trade of
nimals. A number of approaches and methods used to provide evi-
ence of freedom from diseases have been continuously developed
ver the last decades. One such method is risk-based surveillance,
hich is a well-recognized method that aims to improve the cost-
ffectiveness of surveillance systems for disease detection or prove
reedom from disease, and to provide support for both strategic
nd operational decision making (Stärk et al., 2006). Accord-
ng to the current EU Council Directive 2006/88/EC on aquatic
∗ Corresponding author. Fax: +47 23216001.
E-mail address: trude.lyngstad@vetinst.no (T.M. Lyngstad).
ttp://dx.doi.org/10.1016/j.prevetmed.2015.12.008
167-5877/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
animal health, a country that is declared free from listed diseases
may  maintain its disease-free status without carrying out targeted
surveillance. However, this requires that conditions conducive to
clinical expression of the disease in question exist, and that a risk-
based surveillance scheme is in place on aquaculture sites in order
to detect listed diseases and investigate increased mortality events.
Even though risk-based surveillance has been widely used for dis-
eases in terrestrial animals (Christensen et al., 2011; Wahlstrom
et al., 2011; Goutard et al., 2012; Velasova et al., 2012; Welby et al.,
2012; Boklund et al., 2013; Calvo-Artavia et al., 2013; Frössling
et al., 2013; Oidtmann et al., 2013), only a very few examples have
been applied to surveillance systems in farmed aquatic animals.
Peer-reviewed literature presenting and evaluating examples or
models of risk-based surveillance schemes in farmed aquatic ani-
mals is, to our knowledge, limited (Oidtmann et al., 2013; Gustafson
et al., 2014; Marques et al., 2015).
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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The annual salmonid production in Norway reached 1.3 million
etric tons round weight in 2014 (source: Directorate of Fisheries,
ww.ﬁskeridir.no). During a production cycle, juvenile salmonids
re kept in freshwater sites until smoltiﬁcation, and are thereafter
oved to marine grow-out sites, where the ﬁsh are kept in sea
ages. These are high-density populations where each cage can
eep up to 100 000 individuals or more, presenting challenges to
sh inspection and representative sampling for health surveillance.
In Norway, health surveillance and monitoring programmes for
nfectious and non-infectious diseases of ﬁsh-farming sites have
een implemented since the mid  -1980s. The system is based on
egular health inspections carried out by authorized ﬁsh health
ervices (FHS), who are trained veterinarians or ﬁsh health biol-
gists. The inspections carried out by FHS are conducted according
o the requirements and criteria described in Norwegian regula-
ions (Ministry of Trade Industry and Fisheries, 2008). Brieﬂy, FHS
nspections should be based on an assessment of the risks of infec-
ion, disease development in the production system, and spread
o other sites. In a normal situation, all farmed salmonid grow-out
ites are inspected a minimum of six times per year. Additional
linical inspections may  be required at the time of sea transfer of
molts and in case of increased mortality or suspicion of disease.
he routine inspections should be spread approximately equally
hroughout the year.
Viral haemorrhagic septicaemia (VHS) is recognized as a viral
isease of farmed salmonids and non-salmonids, and in a range
f wild ﬁsh, in both freshwater and marine environments. VHS is
 serious viral disease, responsible for signiﬁcant losses in rain-
ow trout (Oncorhynchus mykiss, RBT), in particular (Skall et al.,
005; Smail and Snow, 2011; Ofﬁce International des Epizooties,
012). The disease is caused by VHS virus (VHSV), a virus in the
enus Novirhabdovirus of the family Rhabdoviridae (Walker et al.,
000). Phylogenetic studies of VHSV have identiﬁed four geo-
raphically distributed genotypes (I–IV), including freshwater and
arine VHSV variants (Snow et al., 1999, 2004; Einer-Jensen et al.,
004, 2005). For this study, we focus on VHSV genotypes that cause
linical disease in marine farmed salmonids, as described by the OIE
Ofﬁce International des Epizooties, 2012).
Outbreaks of VHS are characterized by nonspeciﬁc clinical signs
n the early stage of infection followed by a rapid onset of mortal-
ty. Freshwater VHSV variants, in particular, cause severe disease
n RBT (Ofﬁce International des Epizooties, 2012; Olesen and Skall,
013). VHSV originating from wild marine ﬁsh has generally not
een associated with disease in RBT (Skall et al., 2005). Reports on
usceptibility of Atlantic salmon (Salmo salar, AS) to marine VHSV
re limited, and major disease outbreaks in AS caused by fresh-
ater or marine VHSV isolates have not been reported to date.
owever, AS are classiﬁed as susceptible for VHS by OIE (King et al.,
001; European Food Safety Authority, 2008; Ofﬁce International
es Epizooties, 2012).
VHS in RBT was reported in Norway between 1964 and 1974,
ut was successfully eradicated (Håstein et al., 1968; Lorenzen and
lesen, 1999). Norway was approved free from VHS according to
U legislation in 1994 (EFTA Surveillance Authority, 1994), and,
ince then, has operated a surveillance programme following the EU
uidelines, documenting the absence of VHSV at aquaculture sites
n order to maintain the VHS-free status. However, in 2007, VHS
as diagnosed in RBT at a marine site in south-western Norway.
he VHSV associated with this outbreak was classiﬁed as genotype
II, a marine genotype that was demonstrated to be pathogenic to
BT for the ﬁrst time (Dale et al., 2009). When the diagnosis of VHS
as conﬁrmed in 2007, Norway’s VHS-free status was  temporar-ly suspended. Measures to eliminate the disease and to prevent
ts spread were immediately implemented by the Norwegian Food
afety Authority (NFSA) and, with the exception of the VHS out-
reak area, Norway was again recognized as an approved VHS-freeary Medicine 124 (2016) 85–95
zone in May  2008 (EFTA Surveillance Authority, 2008). Norway
regained its VHS-free status for the whole country in 2011.
Until 2009, the surveillance programme for VHS in Norway was
carried out by the NFSA in accordance with the Council Directive
(CD) 91/67/EEC. This programme was  based on sampling 30 ﬁsh
from all AS and RBT sites during a two-year period, and analysing
for VHSV by cell-culture. According to the CD, inspection and sam-
pling should be carried out when the water temperature was  below
14 ◦C. Fish showing clinical signs of disease should be sampled if
present. In 2008, a total of 1 398 pooled samples (from 13 980 indi-
vidual ﬁsh) collected from 444 sites in Norway were examined by
cell culture (Hellberg et al., 2009). A continuation of this program,
where individual samples are tested by PCR, is estimated to 652
thousand euros at today’s cost (this equates to 47 euro per indi-
vidual sample, cost of inspections are not included). Due  to the
increasing demand for more cost-effective surveillance strategies,
the Norwegian surveillance programme for VHS was modiﬁed in
2009 towards a risk-based approach where all RBT sites and a pro-
portion of AS sites were sampled (Lyngstad et al., 2010). In this new
regime, only ﬁsh showing clinical signs of disease were sampled by
the FHS. In 2014, 1490 individual samples were investigated by real
time RT-PCR (Gjevre et al., 2015).
Routine clinical inspection carried out by FHS is considered a key
factor for early detection of VHS in marine farmed salmonids. The
aims of this study were (1) to evaluate the performance of FHS rou-
tine clinical inspections for the detection of VHS and (2) to explore
the effectiveness of risk-based prioritisation of FHS inspections for
demonstrating freedom from VHS in marine farmed salmonids in
Norway.
2. Materials and methods
2.1. Model overview
The core surveillance activity to be modelled here is the rou-
tine clinical inspections by FHS on farmed salmonids sites. During
each visit, the FHS ofﬁcer inspects all production units (sea cages)
within a site and carries out post mortem investigation on selected
dead or moribund ﬁsh. The FHS ofﬁcer decides whether or not to
submit samples to an authorized laboratory, either the Norwegian
Veterinary Institute (NVI) or a private one for further investigation
by PCR or histopathology based on clinical or macro-pathological
ﬁndings. In case of suspicion of VHS, samples have to be submitted
to the National Reference Laboratory, i.e. NVI for conﬁrmation.
The performance of the routine clinical inspections was eval-
uated using a stochastic simulation model in accordance with the
methods described by Martin et al. (2007). Model outputs were: the
conﬁdence of VHS detection, if it was  present at given design preva-
lences i.e. site sensitivity (SeS) and population sensitivity (SeP); and
the probability that the population is free from VHS at the speci-
ﬁed design prevalence given that there was no VHS detected by
the surveillance system, i.e. probability of freedom (PFree). SeP and
PFree were estimated on a monthly basis over a 12 month period
for six alternative surveillance scenarios, incorporating four risk
factors: region, species, area production density (APD), and biose-
curity level (BSL), as described in subsequent sections. The case
deﬁnition for this analysis was  a VHS diagnosis conﬁrmed by the
NFSA, according to the diagnostic criteria described by OIE (Ofﬁce
International des Epizooties, 2012). The time period used in the
model was one month to allow ﬂexibility in the frequency of mod-
elled FHS inspections and because of the acute nature of VHS.Data management and analyses were performed using R version
3.2.2 (R Development Core Team, 2011). Monte Carlo simulation
with 10 000 iterations was  run for the simulation of each sce-
nario. Stochasticity was incorporated by input parameters being
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Table  1
Description of model input parameters and distributions used to estimate site sensitivity (SeS), population sensitivity (SeP) and probability of freedom (PFree).
Input parameter Value Explanation and source of data
p* 0.15 Design prevalence within a site. 15 % of total number of ﬁsh was  used.
P* 4  sites/# active sites Design prevalence at site level, corresponding to 4 sites in the total population of active sites per month, 0.7%
for  month 1.
Prior Pfree 0.5 Prior probability of freedom.
PIntro 0.004 Probability of introduction. Value is based on data available in the 240 months since Norway was approved as
free  from viral haemorrhagic septicaemia (VHS, EFTA Surveillance Authority, 1994; Dale et al., 2009).
Sampled Pert (0.6, 0.7, 0.8) Probability that rainbow trout (RBT) or Atlantic salmon (AS) are sampled and submitted, given that the
population is infected at design prevalence. Authors’ best guess.
Tested Pert (0.8, 0.9, 0.95) Probability that samples are tested given that the population is infected and sampled submitted. Authors’ best
guess.
SePCR  Beta (54,7) Sensitivity of real-time PCR test, Jonstrup et al. (2013).
TpRBT  Beta (26,7) Probability of clinical signs in VHS-infected RBT. Derived from experiments in Dale et al. (2009).
FpRBT  Empirical data Probability of clinical signs in VHS-uninfected RBT were obtained from the monthly reports on production
statistics to the Norwegian authorities during 2014, as described in Kristoffersen et al. (2009).
TpAS  Beta (18,59) Probability of clinical signs in VHS-infected AS. Derived from experiments in Dale et al. (2009).
FpAS  Empirical data Probability of clinical signs in VHS-uninfected AS were obtained from the monthly reports on production
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n  5:20 Number of ﬁsh samples
with  sampling range (5:
andomly drawn from speciﬁed probability distributions. Input dis-
ributions are summarised in Tables 1 and 2 described in more
etail in the following sections.
.2. Population at risk
The population at risk for this analysis consisted of all active
arine grow-out sites, i.e. sites with ﬁsh for human consumption
r brood stock, with RBT and/or AS in 2014. An active site was
eﬁned as a site stocked with ﬁsh for at least 1 month in 2014, based
n production statistics reported to the Norwegian Authorities, as
escribed in Kristoffersen et al. (2009). The numbers of active sites
aried from month to month as individual sites were stocked or
arvested. Sites stocked with both AS and RBT (mixed sites) were
ategorized as RBT sites.
.3. Site sensitivity (SeS)
SeS differed between species i (RBT and AS), and was  calculated
s
eSi = Sampled × Tested ×
(
1 − (1 − SePCR × EPIFi)n
)
here “Sampled” is the probability that samples from moribund
r fresh dead ﬁsh are submitted for testing, given that the site
s infected. Model input for “Sampled” was based on the compe-
ence of FHS personnel in recognizing ﬁsh with VHS clinical signs,
nd on previous experience showing that direct sampling of mori-
und or suspicious ﬁsh is much more efﬁcient for VHS detection
han random sampling of apparently healthy ﬁsh. Since quantita-
ive information on the probability that ﬁsh samples are submitted
given that the site is infected) is unknown, we used a Pert distri-
ution with a conservative range (minimum = 0.60, median = 0.70,
nd maximum = 0.80), for both RBT and AS.“Tested” is the probabil-
ty that samples submitted from an infected site where ﬁsh exhibit
linical signs will be tested at the laboratory for VHSV. Operating
rocedures at the NVI require that when VHS is suspected or is a
elevant differential diagnosis, samples are to be tested for VHSV.
he probability of testing is, therefore, assumed to be high and
Tested” was modelled as a Pert distribution with minimum = 0.80,
edian = 0.90, and maximum = 0.95, for both RBT and AS.“SePCR”
s the sensitivity of the laboratory test (a real time RT PCR test) for
HSV that is currently being used in the ongoing VHS surveillance
rogramme in Norway (Gjevre et al., 2015). The PCR test has an
stimated sensitivity of 0.9 (53 positive of 59 infected ﬁsh tested)
nd speciﬁcity close to one (Jonstrup et al., 2013). This parameterthorities during 2014, as described in Kristoffersen et al. (2009).
itted to laboratory. Based on current practice, we use a simulated distribution
d a decreasing sampling frequency (50,20,10,3,3,2,2,2,1,1,1,1,1,1,1,1).
(“SePCR”) was  therefore modelled using a Beta probability distri-
bution (54, 7), with a median of 0.89 and the 5th percentile of 0.81,
based on the published estimate in Jonstrup et al., (2013).“EPIF” is
the effective probability of infection among ﬁsh with clinical signs.
Because clinical signs of VHS are non-speciﬁc and may  be expressed
both in infected and uninfected ﬁsh, we estimated EPIF as the pos-
itive predictive value of the occurrence of clinical signs for VHSV
infection for each species i (RBT and AS), using Bayes theorem:
EPIFi =
p∗ × Tpi
p∗ × Tpi + (1 − p∗) × Fpi
where “p*” is the ﬁsh-level design prevalence on an infected
site. The prevalence of VHSV-infected ﬁsh within an infected
site depends on genotype and strain. A high prevalence (in a
short period of time) is expected in a naïve population (Ofﬁce
International des Epizooties, 2012). Because VHS is considered to
be a highly contagious infection, a design prevalence of 15 % was
used.“Tp” is the probability of clinical signs (i.e. dead or mori-
bund ﬁsh, weak ﬁsh, ﬁsh with signs of systemic infection, or ﬁsh
with abnormal behaviour) in VHSV-infected ﬁsh, and “Fp” is the
probability of clinical signs in VHSV-uninfected RBT and AS. “Tp”
was derived from experimental trials (Dale et al., 2009) where
81% (25/31) mortality was found in VHSV-infected RBT, and 23%
(17/75) mortality was found in VHS-infected AS after 10 days of
trial. To allow for uncertainty for these estimates, they were mod-
elled as Beta (26,7) and Beta (18, 59) distributions for “Tp” of RBT
and AS, respectively, based on the above data. “Fp” was  estimated
by sampling from distributions of reported values on monthly site
mortality in 2014 (production data). Median and mean monthly
mortality in RBT sites were 0.7% and 1.5% (the 95% range was  given
by 0.1% and 6.1%) and 0.4% and 1.1% (0.07%, 4.2%) in AS sites.
The number of samples tested is denoted by “n” and, based on
current practice, the input distribution ranged from 5 to 20 samples
with a decreasing sampling frequency (Table 1).
2.4. Site level risk factors for VHS infection
At the population level, region, species, area production density
(APD), and biosecurity level (BSL) were identiﬁed as risk factors for
VHS (Table 2).
For region, sites located in northern Norway (Region North)
were considered to have a lower risk of acquiring VHS than sites
in southern Norway (Region South, Fig. 1). This assumption is
based on historical data on outbreaks of VHS that occurred in
southern Norway in the 1960s and 1970s (Håstein et al., 1968) and
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n south-western Norway in 2007 (Dale et al., 2009). In addition,
HSV in wild marine ﬁsh in the North Sea and the coastal regions
f Norway is primarily found in the south (Brudeseth and Evensen,
002; Skall et al., 2005; Sandlund et al., 2014). A most likely rela-
ive risk (RR) of two was assumed between the two regions and was
odelled as a Pert (1, 2, 5) distribution to allow for uncertainty.
The risk associated with species was based on results from infec-
ion trials in which the susceptibilities of RBT and AS to VHSV were
xamined. One immersion trial using the marine VHSV strain found
n Norway in 2007, reported mortality in all RBT groups and no
ortality in the AS groups. Mortality of AS was only observed afterntraperitoneal injection (Dale et al., 2009). In another immersion
rial, AS was shown to be susceptible to a highly pathogenic VHSV
train, with VHSV detected in one of six ﬁsh groups (16% of the
sh groups, King et al., 2001). Based on these ﬁndings we assumed Atlantic salmon (AS, black circle). The boundary between Region South and Region
gure legend, the reader is referred to the web version of this article.)
that the probability of VHS in an exposed population was  100%
for RBT and 16% or less for AS, giving a RR of 6.25 for RBT versus
AS. To allow for uncertainty a Pert (2, 6.5, 10) distribution was
used.
The risk associated with APD was based on general assumptions
of density-dependent transmission of infectious diseases (Krkosˇek,
2010), supported by results from studies on other infectious viral
or parasitic diseases in salmonid farming (Kristoffersen et al., 2009;
Mardones et al., 2009; Aldrin et al., 2010; Bang Jensen et al., 2012).
The APD for Norwegian salmonid farming sites was  calculated for
each site as a kernel density of average monthly biomass on the
site and surrounding sites within 40 km as described in Jansen et al.
(2012). In the model, active sites were categorized into high-density
and low-density subgroups by using the 3rd quartile of APD over
the range of sites as a cut off. RR of two was assumed for the sites
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with high APD compared to sites with low APD, and a Pert (1, 2, 5)
distribution was  used to allow for uncertainty of RR.
The risk associated with BSL was  based on hypothetical RR and
population proportion due to lack of data. This node was included
in order to demonstrate the potential impact of the level of biose-
curity on sites, including different unknown components like daily
management, presence of wild ﬁsh, and movement of ﬁsh between
sites. A Pert (2.5, 3, 5) was  used for RR of low BSL compared to high
BSL, and a Pert (1.5, 2, 2.5) distribution was used for RR of medium
BSL compared to high BSL (Table 2).
For each of four risk factors, R1–R4 (i.e. region, species, APD and
BSL), adjusted relative risks (ARR) for month t were calculated by
adjusting RR for the differences in population proportion for all
subgroups (l) of the speciﬁc risk factor as:
ARRl,t =
RR1,t
max l
l=1
(
RRl,t × PopPrl,t
)
where “RR” is the relative risk and “PopPr” is the population pro-
portion in the respective risk subgroup l. Population proportions
for each risk factor were estimated at the population level from
production data.
The effective probability of infection at site level “EPIS” was cal-
culated for all combinations of R1–R4 (resulting in 24 risk strata)
and each month t as:
EPISR1,R2,R3,R4,t = P∗t ×
2

R1=1
×
2

R2=1
×
2

R3=1
×
3

R4=1
ARRR1,R2,R3,R4,t
where “P*” is the design prevalence at site level. In order to
demonstrate freedom from VHS and support the purpose of early
detection, we  used a design prevalence of four sites in the total
population of active sites per month. This corresponds to approx-
imately 0.7% per month. The exact value varied, depending on
the number of available active sites each month. Independence
between the four risk factors was assumed.
2.5. Population sensitivity (SeP)
SeP was  estimated as one minus the product of the probabil-
ity of a negative result across all 24 risk strata using a binomial
approximation to the hypergeometric distribution, adapted from
(MacDiarmid, 1988) for each t month:
SePt = 1 −
24

j=1
(
1 − SeSj ×
nj,t
Nj,t
)EPISj,t×Nj,t
where j indicates a risk stratum ranging from 1 to 24, based on
all possible combinations of R1, R2, R3, R4.′′SeSj
′′ is the site sen-
sitivity as described in Section 2.3 (species given by risk stratum
j). The approximation to the hypergeometric distribution was  used
because of the small number of sites in the risk group.′′nj,t ′′ is the
number of sites inspected in risk stratum j and month t, according
to the scenario. The value for n for each stratum and month was
estimated as a binomial function of N and the frequency of inspec-
tion for the relevant risk stratum and scenario.′′N′′
j,t
is the number of
active sites in risk stratum j and month t as calculated from popula-
tion proportion data.“EPISj,t” is the effective probability of infection
at site level in risk stratum j and month t as described in Section
2.4.
2.6. Estimating probability of freedom (PFree)
The probability of freedom (PFree) was estimated for month t
as:
PFreet = PriorPFreet1 − SePt × (1 − PriorPFreet)
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here “SePt” is population sensitivity for month t, assuming pop-
lation speciﬁcity of 100 %. “Prior PFree” was set to be 50% for the
rst month, and calculated for successive time periods t as:
riorPFreet = 1 − [1 − PFreet−1 + PIntrot − ((1 − PFreet−1) × PIntro
here “PIntro” is the probability of introduction, and was assumed
o be 0.4 %, based on data available from the 240 months since
orway was approved free from VHS (EFTA Surveillance Authority,
994). An estimated PIntro of 0.4% corresponds to 1 introduction
n 240 months.
.7. Model scenarios
In order to evaluate differences in frequency of inspections in
he different risk strata, the following six scenarios were simulated:
cenario I when six annual inspections are conducted in all marine
BT and AS sites; Scenario II when three annual inspections are
onducted in all marine RBT and AS sites; Scenario III when six
nnual inspections are conducted in RBT sites and one annual visit
s conducted in AS sites; Scenario IV when six annual inspections are
onducted in sites in Region South and three are conducted in sites
n Region North; Scenario V when six, four and zero inspections are
onducted in sites with low, medium, and high BSL respectively;
nd Scenario VI with six annual inspections in sites with high APD
nd three in sites with low APD.
.8. Sensitivity analysis of model input variables
In order to identify the most inﬂuential variables in the model,
e used a simple linear regression model to estimate standard-
sed regression coefﬁcients for all input variables, with the SeP for
onth one as the dependent variable. The change in SeP (and 95%
onﬁdence interval) for a one standard deviation change in the
nput variable was estimated and compared for all input variables
nd for all six scenarios.
. Results
In 2014, there were a total of 801 active marine salmonid sites,
f which 71 sites were growing RBT alone or RBT mixed with other
pecies, and 730 sites rearing AS alone. The median number of ﬁsh
er site was ∼452 000 (the 95% interval was given by 33 000 and
89 000) for RBT sites, and ∼682 000 (84 000, 1 566 000) for sites
ith AS.
Results of the model showed that the median SeS estimates
ere 0.62 for both RBT and AS. The 95% probability interval (PI)
as between 0.55 and 0.70 for RBT, and between 0.53 and 0.70 for
S. The median EPIF estimates were 0.95 for RBT (95% PI 0.61 and
.99), and 0.92 for AS (0.35 and 0.99).
The estimated median SeP varied by different surveillance sce-
arios, but showed little variation from month to month within the
ame scenario. SeP estimates were 0.67 (95% PI 0.60 and 0.73), 0.39
0.33, 0.46), 0.21 (0.16, 0.26), 0.64 (0.57, 0.70), 0.29 (0.23, 0.35),
nd 0.47 (0.40, 0.54) for month one for Scenarios I–VI, respectively
Fig. 2 ).
Scenario I, having the highest frequency of clinical inspection,
rovided the highest probability of detection (SeP estimates per
onth). Scenario III, having the lowest frequency of clinical inspec-
ion, provided the lowest SeP estimate.
A high probability of freedom (estimated median PFree >95%)as achieved within three months for Scenarios I and IV, within
ve months for Scenario VI, in seven months for Scenario II, and 10
onths for Scenario V. The estimated median PFree of Scenario III
as 0.93 after 12 months of inspections (Fig. 2).ary Medicine 124 (2016) 85–95
The estimated change in SeP for month one with one unit stan-
dard deviation change in each input variable, is given in Fig. 3.
Variables with conﬁdence limits that included zero were non-
signiﬁcant. The analysis showed that the probabilities that RBT
are sampled and that the samples are tested, given that the site is
infected were the two  most inﬂuential input variables in the model
for all six scenarios. Other signiﬁcant input variables were the prob-
abilities that AS are sampled and tested, the RRs of region, species,
BSL, the probability of clinical signs in infected AS, the probabilities
of clinical signs in uninfected RBT and AS and the PCR test sensitiv-
ity. However, these had minor effects on the estimated population
sensitivity. The estimated changes in SeP for changes in the prob-
abilities of clinical signs in uninfected RBT and AS were slightly
negative in all scenarios. This indicates that the higher the false pos-
itive rate, the lower would be the EPIF estimate and, consequently,
site sensitivity.
4. Discussion
The main results from the present model indicate that the cur-
rent surveillance system based on routine clinical inspections by
the competent ﬁsh health service (FHS) has a high capability for
detecting VHS. The results show that within three to 10 months
the surveillance has achieved a high probability of freedom (PFree
>95%) from VHS in Norwegian marine farmed salmonids for ﬁve of
the six scenarios. Exploring risk-based surveillance highlights the
importance of frequent visits in high-risk strata of the population.
Scenario IV, which was based on six annual visits per year in Region
South and three in Region North, was  identiﬁed as the most cost-
effective approach for documenting freedom from VHS (PFree >95%
achieved after only three months). Because the system of routine
clinical inspections carried out by FHS has been in place in Norway
since the mid- 1980s the accumulated conﬁdence in freedom from
VHS is very high.
VHS is a highly transmissible infection that is expected to display
clinical signs and rapid mortality in the early stages of infection
in a naive population (Ofﬁce International des Epizooties, 2012).
VHS is, therefore, a disease suitable for a surveillance scheme based
on clinical inspections followed by laboratory testing of suspicious
samples. Experience has also shown that sampling of moribund
ﬁsh and/or ﬁsh with clinical signs by competent professionals are
much more efﬁcient at VHS detection than random sampling of
apparently healthy ﬁsh (Lyngstad et al., 2008; N. J. Olesen, DTU-VET,
pers.comm).
The estimation of marine site sensitivity (SeS) included the prob-
ability that FHS submit samples if a site is infected, the probability
that a sample is tested if submitted, the EPIF in RBT and AS with
clinical signs, laboratory test sensitivity, and the number of tested
samples. The SeS estimates were similar for both RBT and AS,
reﬂecting the importance of sampling and testing ﬁsh with clinical
signs.
The population was divided into risk strata based on differences
in risk of VHS in order to explore the effectiveness of risk based
surveillance. Region was included due to experience and previ-
ous history that indicated different regional exposures to VHSV.
Species were differentiated based on the susceptibility to infection,
as current data indicate that RBT are more susceptible to VHSV
than AS (Smail and Snow, 2011). Area production density (APD)
was included because a number of studies have demonstrated that
high-production density is an important factor in spread of infec-
tious pathogens in the aquatic environment (Kristoffersen et al.,
2009; Mardones et al., 2009; Aldrin et al., 2010; Bang Jensen et al.,
2012). APD in the present model illustrated the possibility for
improvement of the surveillance programme, as the results showed
that prioritizing sites from high-density areas can reduce costs
T.M. Lyngstad et al. / Preventive Veterinary Medicine 124 (2016) 85–95 91
Fig. 2. Estimated population sensitivity (SeP) and probability of freedom (PFree) over a 12 month period for viral haemorrhagic septicaemia (VHS) for each of the six
alternative surveillance scenarios: Scenario I with six annual inspections in all marine RBT and AS sites, Scenario II with three annual inspections in all marine RBT and AS
sites,  Scenario III with six annual inspections in RBT sites and one annual visit in AS sites, Scenario IV with six annual inspections in sites in Region South and three in sites in
Region  North, Scenario V with six, four and zero inspections in sites with low, medium and high BSL, respectively, and Scenario VI with six annual inspections in sites with
high  APD and three in sites with low APD.
92 T.M. Lyngstad et al. / Preventive Veterinary Medicine 124 (2016) 85–95
Fig. 3. Sensitivity analysis of model input parameters shown by estimated change in population sensitivity (SeP) for a one standard deviation change in the input variable
for  each of the six surveillance scenarios: Scenario I with six annual inspections in all marine RBT and AS sites, Scenario II with three annual inspections in in all marine
RBT  and AS sites, Scenario III with six annual inspections in RBT sites and one annual visit in AS sites, Scenario IV with six annual inspections in sites in Region South
and  three in sites in Region North, Scenario V with six, four and zero inspections in sites with low, medium and high BSL, respectively, and Scenario VI with six annual
inspections in sites with high APD and three in sites with low APD. Model input variables included number of samples (samples), probability of clinical signs in VHS
uninfected AS and RBT (FpAS and FpRBT), probability of clinical signs in VHS infected AS and RBT (TpAS and TpRBT), sensitivity of real-time PCR test in AS and RBT (PcrAS and
PcrRBT), probability that AS and RBT samples are tested given that the population is infected and samples submitted (P(Tested|AS) and P(Tested|RBT)), probability that AS and
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hile maintaining the high detection level. BSL was  included in the
odel, despite lack of data, in order to demonstrate the potential
ffect of low versus high biosecurity levels. The level of biosecu-
ity will be inﬂuenced by the daily management, presence of wild
sh, movement of ﬁsh between sites, etc.  A future standardized sys-
em including biosecurity (e.g. a biosecurity index) would facilitate
he identiﬁcation and ranking of sites according to biosecurity and
anagement practices.
SeP and PFree were estimated for six different scenarios in
rder to illustrate the usefullness of the model as a supporting tool
or evaluating possible changes in the surveillance strategy. PFree
bove 95% was achieved after only three months for the two sce-
arios with the highest frequency of annual inspection. The time
eriod (months) needed to achieve a PFree >95% increased when
he frequency of inspection decreased, even though inspections
ere targeted towards high risk groups. Scenario I reﬂects the cur-
ent surveillance scheme in Norway, where all marine grow-out
almonid sites are inspected every other month. Scenario II reﬂects
hat the consequence of reducing the inspection frequency by 50%
ncreases the time until a PFree >95% from three to seven months.
cenario III showed the effect of reducing inspection frequency of
S sites to once per year, while the inspection frequency of RBT
ites was six per year. Even though RBT is considered to have a
igher VHS risk than AS (RR = 6.5, Table 2), Scenario III was the only
cenario that did not achieve a PFree of 95% within 12 months.
his result can be explained by the low number of RBT sites, which
ccount for only 9% of active salmonid sites in 2014. Scenario IV
xplored the effect of prioritizing sites in Region South by having
ix annual inspections, rather than the three inspections in Region
orth. In this scenario, a PFree >95% was achieved after only three
onths. This scenario can be considered as the most cost efﬁcient
trategy with respect to VHS, because the frequency of inspection
s reduced to three per year in Region North. The result can be
xplained by the fact that the majority of sites, and in particular RBT
ites, are located in Region South, and the lower RR of region North
ersus South. In Scenario V, the impact of targeting sites having low
r medium BSL was explored, and a PFree >95% was  achieved after
0 months. However, this scenario requires more resources in plan-
ing, identiﬁcation, and selection of sites with low or medium BSL,
nd a reliable system for characterizing sites according to their BSL.
cenario VI explored the effect of prioritizing sites with high APD
y having six annual inspections in high APD sites and three in sites
aving low APD. With this strategy a Pfree >95% was  achieved after
 months, and included fewer monthly inspections than Scenario
V.
We used a conservative estimate for the sensitivity of the real-
ime PCR test (0.9, Jonstrup et al., 2013) in our model. If we had
sed the estimates from Warg et al. (2014, 0.96), the probability
f freedom would marginally improve and the time to achieve 95%
reedom would be slightly reduced (result not shown).
The use of production statistics allowed robust calculations of
opulation proportions and mortality, while RRs of the other input
arameters were informed estimates. The RRs for APD and BSL
ere based on the authors’ opinion due to lack of data. They were
ncluded to allow for evaluation of these factors as potential factors
or targeting surveillance in the future. Thus, the scenario mod-
lling technique, together with stochastic simulation, allowed for
he inclusion of uncertainty in the model, and proved useful for
xploring and analysing the surveillance system.
Results from the sensitivity analysis of the most inﬂuential
nput variables on model outputs (SeP estimates) highlighted the
BT samples are sampled given that the population is infected (P(Sampled|AS) and P(Sam
RR  BSL low and RR BSL med), RR of high compared to low area production density (RR A
egion  north (RR Region).ary Medicine 124 (2016) 85–95 93
importance of having competent personnel carrying out clinical
inspection in farm sites. The analysis identiﬁed the probabilities
that RBT are sampled and that the samples are tested, given that
the site is infected, as the most important factors that drive the
model, and indicated that these are factors important to work on
to obtain more accurate and reliable estimates, and that measures
should be put in place to improve these probabilities. Sensitivity
analysis of the remaining factors showed comparatively minor or
non-signiﬁcant effects, suggesting that the present model is less
sensitive to changes in these input parameters, at least within the
range of values used.
The former Norwegian surveillance programme for document-
ing VHS freedom required that a large number of samples were
tested annually, underlining that a more cost-effective surveillance
strategy was needed. The present model, although theoretical,
demonstrates the potential of a risk-based approach performed by
professionals already in place doing on-site ﬁsh health services for
the industry. For all scenarios evaluated, the laboratory costs of this
system are less than a tenth of the laboratory cost of the original
programme.
It is important to note that the current model only concerns
VHSV strains that may  cause clinical signs of a systemic infection.
VHS has a large host range and there is considerable variation in the
pathogenicity of VHSV to different ﬁsh species (Skall et al., 2005;
Ofﬁce International des Epizooties, 2012). Subclinical infections
could pose a problem for detection, and this model does not pro-
vide any estimates of the probabilities that low pathogenic strains
will be detected.
The model provides a platform for surveillance of other exotic
viral infectious diseases in marine salmonid farming in Norway, if
they share similar risk factors. An adaptation of the model to the
freshwater phase (ponds and rivers) would require more modiﬁ-
cations as the pathways of pathogen introduction differ for marine
and freshwater sites (Oidtmann et al., 2011, 2013). A system of risk
ranking of farm sites, taking into account the risk for introduction
and spread of disease, is acknowledged by the current EU direc-
tive 2006/88/EC. Such risk ranking would provide useful input and
improve our scenario tree model. Future improvements could also
be made by conducting studies to obtain more precise estimates of
RRs and the probability that ﬁsh are sampled, submitted and tested
given that a population is infected.
5. Conclusion
Model results indicate that the current surveillance system
based on routine inspections by the FHS has a high capability for
detecting VHS in marine farmed salmonids. The system has been
running in Norway for many years and provides a high probability
of freedom from VHS (PFree >95%). The sensitivity analysis showed
that the probabilities that RBT are sampled and tested were the
two most inﬂuential input variables. The model provides a sup-
porting tool for evaluation of potential changes in the surveillance
strategy, and can be viewed as a platform for similar exotic viral
infectious diseases in marine salmonid farming in Norway, as they
share similar risk factors.We  thank Angus Cameron for ideas and discussions, and review-
ers for valuable comments and advice. The authors also wish
pled|RBT)), relative risk (RR) of low and medium compared to high biosecurity level
PD), RR of RBT compared to AS (RR Species), and RR of region south compared to
9 eterin
t
m
ﬁ
R
A
B
B
B
C
C
D
E
E
E
E
E
F
G
H
H
G
G
J
J4 T.M. Lyngstad et al. / Preventive V
o thank William Chalmers for technical assistance with the
anuscript. The Research Council of Norway is acknowledged for
nancial support (project no. 190245).
eferences
ldrin, M., Storvik, B., Frigessi, A., Viljugrein, H., Jansen, P.A., 2010. A stochastic
model for the assessment of the transmission pathways of heart and skeleton
muscle inﬂammation, pancreas disease and infectious salmon anaemia in
marine ﬁsh farms in Norway. Prev. Vet. Med. 93, 51–61.
ang Jensen, B., Kristoffersen, A.B., Myr, C., Brun, E., 2012. Cohort study of effect of
vaccination on pancreas disease in Norwegian salmon aquaculture. Dis. Aquat.
Org. 102, 23–31.
oklund, A., Dahl, J., Alban, L., 2013. Assessment of conﬁdence in freedom from
Aujeszky’s disease and classical swine fever in Danish pigs based on serological
sampling–effect of reducing the number of samples. Prev. Vet. Med  110,
214–222.
rudeseth, B.E., Evensen, O., 2002. Occurrence of viral haemorrhagic septicaemia
virus (VHSV) in wild marine ﬁsh species in the coastal regions of Norway. Dis.
Aquat. Org. 52, 21–28.
alvo-Artavia, F.F., Nielsen, L.R., Alban, L., 2013. Epidemiologic and economic
evaluation of risk-based meat inspection for bovine cysticercosis in Danish
cattle. Prev. Vet. Med. 108, 253–261.
hristensen, J., Stryhn, H., Vallieres, A., El Allaki, F., 2011. A scenario tree model for
the Canadian notiﬁable avian inﬂuenza surveillance system and its application
to estimation of probability of freedom and sample size determination. Prev.
Vet. Med. 99, 161–175.
ale, O.B., Ørpetveit, I., Lyngstad, T.M., Kahns, S., Skall, H.F., Olesen, N.J., Dannevig,
B.H., 2009. Outbreak of viral haemorrhagic septicaemia (VHS) in
seawater-farmed rainbow trout in Norway caused by VHS virus genotype III.
Dis.  Aquat. Org. 85, 93–103.
FTA Surveillance Authority, 1994. Decision No 71/94/COL of 27 June 1994
concerning the status of Norway with regard to infectious haematopoietic
necrosis and viral haemorrhagic septicaemia. Ofﬁcial Journal of the European
Union, available from: <http://eur-lex.europa.eu/>(accessed 08.12.15).
FTA Surveillance Authority, 2008. Decision No 302/08/COL of 21 May  2008
concerning the status of Norway with regard to infectious haematopoietic
necrosis and viral haemorrhagic septicaemia and repealing the EFTA
Surveillance Authority Decision No 71/94/COL of 27 June 1994 as last amended
by  the EFTA Surveillance Authority Decision No 244/02/COL of 11 December
2002. Ofﬁcial Journal of the European Union, available from: <http://eur-lex.
europa.eu/>  (accessed 08.12.15).
iner-Jensen, K., Ahrens, P., Forsberg, R., Lorenzen, N., 2004. Evolution of the ﬁsh
rhabdovirus viral haemorrhagic septicaemia virus. J. Gen. Virol. 85, 1167–1179.
iner-Jensen, K., Winton, J., Lorenzen, N., 2005. Genotyping of the ﬁsh rhabdovirus,
viral haemorrhagic septicaemia virus, by restriction fragment length
polymorphisms. Vet. Microbiol. 106, 167–178.
uropean Food Safety Authority, 2008. Scientiﬁc Opinion of the panel on AHAW on
request from the European Commission on aquatic animal species susceptible
to diseases listed in the Council Directive 2006/88/EC808,1-144, available
from: <http://www.efsa.europa.eu/sites/default/ﬁles/scientiﬁc output/ﬁles/
main documents/ahaw op ej808 suscepspecies opinion en%2C3pdf>
(accessed 08.12.15).
rössling, J., Wahlström, H., Ågren, E.C., Cameron, A., Lindberg, A., Sternberg
Lewerin, S., 2013. Surveillance system sensitivities and probability of freedom
from  Mycobacterium avium subsp. paratuberculosis infection in Swedish cattle.
Prev. Vet. Med. 108, 47–62.
outard, F.L., Paul, M.,  Tavornpanich, S., Houisse, I., Chanachai, K.,
Thanapongtharm, W.,  Cameron, A., Stark, K.D., Roger, F., 2012. Optimizing early
detection of avian inﬂuenza H5N1 in backyard and free-range poultry
production systems in Thailand. Prev. Vet. Med. 105, 223–234.
ellberg, H., Ørpetveit, I., Dannevig, B.H., Kongtorp, R.T., 2009. The surveillance and
coontrol programme for viral haemorrhagic septicaemia (VHS) and infectious
haematopoietic necrosis (IHN) in Norway. Norwegian Veterinary Institute
Oslo, available from: <http://www.vetinst.no/Publikasjoner/
Overvaakingsprogrammer-OK/2008/VHS-IHN-2008> (accessed 08.12.15).
åstein, T., Holt, G., Krogsrud, J., 1968. Hemorrhagisk virusseptikemi (Egtvedsyke)
hos  regnbueørret i Norge. Nord. Vet. Med  20, 708–711.
jevre, A.G., Ørpetveit, I., Tavornpanich, S., Lyngstad, T.M., 2015. The surveillance
programme for viral haemorrhagic septicaemia (VHS) and infectious
haematopoietic necrosis (IHN) in Norway. Norwegian Veterinary Institute
Oslo, available from: <http://www.vetinst.no/Publikasjoner/
Overvaakingsprogrammer-OK/2014/The-surveillance-programme-for-viral-
haemorrhagic-septicaemia-VHS-and-infectious-haematopoietic-necrosis-
IHN-in-Norway-2014> (accessed 08.12.15).
ustafson, L.L., Remmenga, M.D., Gardner, I.A., Hartman, K.H., Creekmore, L.H.,
Goodwin, A.E., Whaley, J.E., Warg, J.V., Gardner, S.L., Scott, A.E., 2014. Viral
hemorrhagic septicemia IVb status in the United States: inferences from
surveillance activities and regional context. Prev. Vet. Med. 114, 174–187.ansen, P.A., Kristoffersen, A.B., Viljugrein, H., Jimenez, D., Aldrin, M.,  Stien, A.,
2012. Sea lice as a density-dependent constraint to salmonid farming. Proc.
Biol.  Sci. 279, 2330–2338.
onstrup, S.P., Kahns, S., Skall, H.F., Boutrup, T.S., Olesen, N.J., 2013. Development
and  validation of a novel Taqman-based real-time RT-PCR assay suitable forary Medicine 124 (2016) 85–95
demonstrating freedom from viral haemorrhagic septicaemia virus. J. Fish Dis.
36, 9–23.
King, J.A., Snow, M.,  Skall, H.F., Raynard, R.S., 2001. Experimental susceptibility of
Atlantic salmon Salmo salar and turbot Scophthalmus maximus to European
freshwater and marine isolates of viral haemorrhagic septicaemia virus. Dis.
Aquat. Org. 47, 25–31.
Kristoffersen, A.B., Viljugrein, H., Kongtorp, R.T., Brun, E., Jansen, P.A., 2009. Risk
factors for pancreas disease (PD) outbreaks in farmed Atlantic salmon and
rainbow trout in Norway during 2003–2007. Prev. Vet. Med. 90, 127–136.
Krkosˇek, M.,  2010. Host density thresholds and disease control for ﬁsheries and
aquaculture. Aquacult. Environ. Interact. 1, 21–32.
Lorenzen, N., Olesen, N.J., 1999. Rhabdovirusinfeksjoner. In: Poppe, T. (Ed.),
Fiskehelse og ﬁskesykdommer. Universitetsforlaget, pp. 142–147.
Lyngstad, T.M., Høgåsen, H.R., Ørpetveit, I., Hellberg, H., Dale, O.B., Lillehaug, A.,
2008. Faglig vurdering i forbindelse med bekjempelse av viral hemoragisk
septikemi (VHS) i Storfjorden. Norwegian Veterinary Institute. Oslo, Report 3,
2008,1-20, available from: <http://www.vetinst.no/Publikasjoner/
Rapportserie/Rapportserie-2008/3-2008-Bekjempelse-av-VHS-i-Storfjorden>
(accessed 08.12.15).
Lyngstad, T.M., Tavornpanich, S., Viljugrein, H., Hellberg, H.,  Brun, E., 2010.
Evaluation of the surveillance and control programme for viral haemorrhagic
septicaemia (VHS) and infectious haematopoietic necrosis (IHN). Norwegian
Veterinary Institute. Oslo, Report 15, 2010,1–25, available from: <http://www.
vetinst.no/Publikasjoner/Rapportserie/Rapportserie-2010/15-2010-
Evaluation-of-the-surveillance-and-control-programme-for-VHS-and-IHN>
(accessed 08.12.15).
MacDiarmid, S.C., 1988. Future options for brucellosis surveillance in New Zealand
beef herds. N. Z. Vet. J. 36, 39–42.
Mardones, F.O., Perez, A.M., Carpenter, T.E., 2009. Epidemiologic investigation of
the  re-emergence of infectious salmon anemia virus in Chile. Dis. Aquat. Org.
84, 105–114.
Marques, A.R., Pereira, M.,  Ferreira Neto, J.S., Ferreira, F., 2015. Design and
prospective evaluation of a risk-based surveillance system for shrimp
grow-out farms in northeast Brazil. Prev. Vet. Med. 122, 355–362.
Martin, P.A.J., Cameron, A.R., Greiner, M.,  2007. Demonstrating freedom from
disease using multiple complex data sources 1: a new methodology based on
scenario trees. Prev. Vet. Med. 79, 71–97.
Ministry of Trade Industry and Fisheries, 2008. Forskrift om drift av
akvakulturanlegg (akvakulturdriftsforskriften). Lovdata, available from:
<http://lovdata.no/dokument/SF/forskrift/2008-06-17-822> (accessed
08.12.15).
Ofﬁce International des Epizooties, 2012. Manual of Diagnostic tests for Aquatic
Animals. Viral haemorrhagic septicaemia, available from: <http://www.oie.int/
ﬁleadmin/Home/eng/Health standards/aahm/current/2.3.09 VHS.pdf>
(accessed 08.12.2015).
Oidtmann, B., Peeler, E., Lyngstad, T., Brun, E., Bang Jensen, B., Stark, K.D., 2013.
Risk-based methods for ﬁsh and terrestrial animal disease surveillance. Prev.
Vet. Med. 112, 13–26.
Oidtmann, B.C., Crane, C.N., Thrush, M.A., Hill, B.J., Peeler, E.J., 2011. Ranking
freshwater ﬁsh farms for the risk of pathogen introduction and spread. Prev.
Vet.  Med. 102, 329–340.
Olesen, N.J., Skall, H.F., (Eds.), 2013. Viral Hemorrhagic Septicemia Virus. Munir M
(ed) Mononegaviruses of Veterinary Importance Vol. I: Pathobiology and
Molecular Diagnosis CAB International 2013.
R Development Core Team, 2011. R: A language and environment forstatistical
computing R Foundation for Statistical Computing. Vienna, Austria, ISBN
3-900051-07-0, available from: <http://www.R-project.org> (accessed
08.12.15).
Sandlund, N., Gjerset, B., Bergh, O., Modahl, I., Olesen, N.J., Johansen, R., 2014.
Screening for viral hemorrhagic septicemia virus in marine ﬁsh along the
Norwegian coastal line. PloS One 9, e108529.
Skall, H.F., Olesen, N.J., Mellergaard, S., 2005. Viral haemorrhagic septicaemia virus
in  marine ﬁsh and its implications for ﬁsh farming-a review. J. Fish Dis. 28,
509–529.
Smail, D.A., Snow, M., 2011. Viral haemorrhagic septicaemia. In: Woo, P.T.K., Bruno,
D.W. (Eds.), Fish Diseases and Disorders. CAB International, UK,  pp. 143–165.
Snow, M.,  Bain, N., Black, J., Taupin, V., Cunningham, C.O., King, J.A., Skall, H.F.,
Raynard, R.S., 2004. Genetic population structure of marine viral haemorrhagic
septicaemia virus (VHSV). Dis. Aquat. Org. 61, 11–21.
Snow, M.,  Cunningham, C.O., Melvin, W.T., Kurath, G., 1999. Analysis of the
nucleoprotein gene identiﬁes distinct lineages of viral haemorrhagic
septicaemia virus within the European marine environment. Virus Res. 63,
35–44.
Stärk, K.D., Regula, G., Hernandez, J., Knopf, L., Fuchs, K., Morris, R.S., Davies, P.,
2006. Concepts for risk-based surveillance in the ﬁeld of veterinary medicine
and veterinary public health: review of current approaches. BMC  Health Serv.
Res. 6, 20.
Velasova, M.,  Alarcon, P., Williamson, S., Wieland, B., 2012. Risk factors for porcine
reproductive and respiratory syndrome virus infection and resulting
challenges for effective disease surveillance. BMC  Vet. Res. 8,
184.Wahlstrom, H., Isomursu, M.,  Hallgren, G., Christensson, D., Cedersmyg, M.,
Wallensten, A., Hjertqvist, M.,  Davidson, R.K., Uhlhorn, H., Hopp, P., 2011.
Combining information from surveys of several species to estimate the
probability of freedom from Echinococcus multilocularis in Sweden, Finland
and mainland Norway. Acta. Vet. Scand. 53, 9.
eterin
W
WT.M. Lyngstad et al. / Preventive V
alker, P.J., Benmansour, A., Dietzgen, R., Fang, R.X., 2000. Family Rhabdoviridae.
In:  Van Regenmortel, M.H.V., Fauquet, C.M., Bishop, D.H.L., Carstens, E.B.,
others (Eds.), Virus Taxonomy. Classiﬁcation and Nomenclature of Viruses.
Academic Press, San Diego, CA, pp. 563–583.
arg, J.V., Clement, T., Cornwell, E.R., Cruz, A., Getchell, R.G., Giray, C., Goodwin,
A.E., Groocock, G.H., Faisal, M.,  Kim, R., Merry, G.E., Phelps, N.B., Reising, M.M.,ary Medicine 124 (2016) 85–95 95
Standish, I., Zhang, Y., Toohey-Kurth, K., 2014. Detection and surveillance of
viral hemorrhagic septicemia virus using real-time RT-PCR. II. Diagnostic
evaluation of two protocols. Dis. Aquat. Org. 111, 15–22.
Welby, S., Govaerts, M.,  Vanholme, L., Hooyberghs, J., Mennens, K., Maes, L., Van
Der  Stede, Y., 2012. Bovine tuberculosis surveillance alternatives in Belgium.
Prev. Vet. Med. 106, 152–161.
